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Background/purpose: In this study, we investigated the relative contributions of 
design factors to the fracture strength of provisional materials after repair.
Materials and methods: The Taguchi method was used to investigate the optimal 
design with respect to four different design factors: subject material, repair material, 
repair design, and connector thickness. Each factor was assigned three levels. Using 
the Taguchi L9 orthogonal array, nine rectangular bar-shaped experimental speci-
mens with different parameter combinations were fabricated (n = 5) and tested with 
a three-point bending test. The fracture load (in newtons) of each specimen group 
was recorded. The Taguchi method was employed to identify the significance of 
each design factor in controlling the fracture strength. The sensitivity of each design 
parameter was determined using an analysis of variance. Fractographic analysis was 
performed to identify the adhesive or cohesive failure mode for each specimen.
Results: The mean effect of the design factors at each level was determined. The 
subject material, with a contribution percentage of as high as 33.48%, had the most 
dominant effect on the fracture strength of the repaired provisional restorations, 
followed by the repair material (31.88%), connector thickness (19.70%), and joint 
design (14.94%). The strongest subject material was bis-acryl Protemp 3 Garant. 
The polymethyl methacry late material, Tempron, was the preferred repair material. 
A 4-mm connector thickness was the best level. A 45º bevel joint was superior to 
the butt or fiber joint. The predicted fracture strength of the optimum parameter 
combination (Protemp 3 Garant/45º bevel joint/Tempron/4 mm connector thickness) 
was 173.34 N. From the fractographic analysis, different bonding abilities between 
the same and different resin materials were investigated. Fiber joint groups were 
nearly all in the cohesive mode without complete catastrophic fracture.
Conclusion: Within the limitations of this study, these four design factors had dif-
ferent contributions to the fracture strength of repaired provisional restorations. 
Clinicians must be aware of the sequence of importance in determining better 
problem-solving methods.
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Introduction
Provisional crowns and fixed partial dentures (FPDs) 
are essential components of fixed prosthodontic 
treatment.1,2 Polymethyl methacrylate (PMMA) resin 
and bis-acryl composite (BAC) resin are the most 
common materials used to fabricate provisional 
FPDs.3−9 However, the strength of PMMA resin is only 
about one-twentieth that of metal-ceramic alloys9, 
making fracture of the provisional restorations much 
more likely, especially for long-span provisional res-
toration cases, high stress areas, bruxism or long-
term wearing duration. Although various methods 
have been proposed for repairing fractured resin 
materials, recurrent fracture at the repaired site 
often occurs.7 The main reason is insufficient frac-
ture strength of the repaired provisional restoration,2 
which may be influenced by multiple variables such 
as the subject material, repair material, repair de-
sign of the fracture ends, and connector thickness of 
the repaired joint.
Chemically polymerized materials available for 
provisional restorations, either PMMA or BAC mate-
rials, have unique physical properties owing to the 
chemical monomer composition. Different mono-
mers impart different characteristics such as exo-
thermic heat of reaction, polymerization shrinkage, 
marginal fit, periodontal response, color stability, 
and fracture strength.10−22 Fracture strength is re-
lated to the mechanical properties of the provisional 
restorative materials.13,19−22 Previous studies on 
resins used for provisional restorations compared 
the different mechanical properties between PMMA 
and BAC subject materials; however, the results 
were controversial.12,13,19,20 There is still little in the 
dental literature concerning the strength of re-
paired provisional restorative materials.13 Clinicians 
generally perform direct clinical repair procedures 
on fractured provisional restorations using the same 
parent resin material depending on his/her experi-
ence. However, as reported for BAC materials, al-
though the restorative materials may be compatible 
with the same or other resin composites, these 
materials are clinically problematic for repair and 
addition.3,13,23−26 Koumjian and Nimmo13 showed 65−
85% decrease in transverse strength for repaired 
BAC materials and even suggested making a new 
provisional restoration rather than repairing the 
fractured restoration. Bohnenkamp and Garcia27 
used light-polymerized flowable composite resin 
in the repair of an insufficient BAC provisional res-
toration margin, providing an effective and effi-
cient technique for correcting deficiencies. However, 
they also concluded that until there was research 
evidence evaluating the strength of this repair ap-
proach in terms of fracture resistance, this appli-
cation should be reserved for those clinical situations 
where the repair would not be subjected to exces-
sive tensile or compressive loads.
Another issue when repairing provisional restora-
tions is the repair design for both fractured ends. 
Beyli and von Fraunhofer28 implied that the butt 
joint possessed inferior transverse strength com-
pared with the round, inverse knife edge, lap, inverse 
rabbet, and ogee joint profile designs. Harrison 
and Stansbury29 found the strongest union with the 
rounded repair design, but Ward et al.30 preferred 
the 45º bevel joint over the round design. Different 
repair designs for fractured provisional FPDs were 
recommended in different studies. Attempts have 
also been made to strengthen provisional restora-
tions such as reinforcing the connector with other 
materials.31−36 Reinforcement of resin-based ma-
terials with glass carbon, graphite,32,33 Kevlar fiber 
(DuPont, Wilmington, DE, USA),34 and other types 
of fibers have been studied to determine the effec-
tiveness of fiber reinforcement on fracture strength 
as well.
High stress is created in the connectors, which 
are often the site of fracture for a provisional FPD 
under functional loading.37 The connector size of 
provisional FPDs must be increased in relation to 
the mechanical strength of definitive restorations. 
As to the occlusogingival connector height,38 the 
minimal critical dimension of metal-ceramic FPDs 
recommended for the connectors is 2.5 mm.39,40 A 
4-mm connector thickness was recommended for 
all-ceramic FPDs.41−43 Based on the biologic and 
strength requirements, there is little information in 
the literature on how connector dimensions should 
be made. Good access for plaque control to avoid 
jeopardizing periodontal health must have a high pri-
ority. The limitation of minimal occlusogingival di-
mensions for provisional FPDs would at least range 
from 2.5 mm to 4 mm. A limit should be established.
A number of studies examined the fracture 
strength of provisional restorative materials. How-
ever, most studies focused only on one or two pa-
rameters. The statistical Taguchi method, which 
utilizes an orthogonal array to reduce the total 
number of required simulations and contains a well-
chosen group of all possible test condition com-
binations, can achieve a balanced comparison of 
factor levels. Each factor is assigned to a column 
in the matrix. In any individual column, each fac-
tor level appears with equal frequency, and in any 
pair of columns, all combinations of factor levels 
occur an equivalent number of times.44−46 The 
objective of this study was to investigate the rela-
tive contributions of design factors to fracture 
strength for provisional materials after repair 
using in vitro fracture experiments. The statisti-
cally based Taguchi method was used to identify 
the importance of each design factor and suggest 
92 C.J. Cheng et al
an optimized joint design that can produce the 
highest fracture strength for repairing fractured 
provisional restorations.
Materials and methods
Four different design factors, namely the subject 
material, repair material, repair design and con-
nector thickness, were evaluated. Each factor was 
assigned three levels (Table 1). Originally, 81 ana-
lyses (34) were required to identify the relative sig-
nificance of the design factors using the full factorial 
approach. Using the Taguchi L9 orthogonal array,46 
only nine simulations were required. The repair joint 
design configurations are shown in Table 2. Specimens 
from nine experimental groups with different pa-
rameter combinations were fabricated. Five speci-
mens in each group were tested with a universal test 
machine for fracture load records.
Specimen preparation
Experimental specimens were rectangular-shaped 
resin patterns with a 64-mm length, 13-mm width, 
and three different thicknesses (2.5, 3 and 4 mm) 
modified from American National Standards 
Institute/American Dental Association specification 
no. 13. The preparation procedure of the experimen-
tal specimens was as follows.
Standard wax patterns of a rectangular bar shape 
of different thicknesses were fabricated. After flask-
ing the three wax patterns in a dental mold with 
polyvinylsiloxane impression material (Exafine; GC 
Corp., Tokyo, Japan) and plaster according to the 
conventional method, specimen molds with three 
different dimensions were achieved (Fig. 1A). By 
mixing PMMA powder with methyl methacrylate liq-
uid at a ratio of 2 g to 1 mL according to the manu-
facturer’s instructions, the PMMA resin was packed 
into the mold and compressed to polymerize it using 
a compressor under a static pressure of 200 bar 
(300 psi) for 10 minutes. Using an auto-mixing car-
tridge delivery system, Protemp 3 Garant (3M ESPE, 
Seefeld, Germany) (P3G) and Structure 2 SC (Voco, 
Cuxhaven, Germany) bis-acryl composites were 
packed into the mold as well. After polymerization 
of standard specimens, the resin specimens were 
finished to three standard thickness dimensions (2.5, 
3 and 4 mm) with 600-grit silicon carbide paper under 
water irrigation. The accuracy of the dimensions 
(length, width, and thickness) was verified with dig-
ital calipers (Mitutoyo Corp., Tokyo, Japan) to within 
a tolerance of 0.1 mm.
Table 1. Design factors and their levels in the Taguchi method
Design factor Level 1 Level 2 Level 3
Subject material (resin type)* Tempron Protemp 3 Garant Structure 2 SC
Repair design (type)† Butt joint 45º bevel joint Fiber-Splint
Repair material (resin type)‡ Tempron Protemp 3 Garant Esthet-X Flow
Connector thickness (mm) 2.5 3.0 4.0
*The subject materials included one PMMA material (Tempron; GC Corp., Tokyo, Japan) and two bis-acryl composite materials of 
Protemp 3 Garant (3M ESPE, Seefeld, Germany) and Structure 2 SC (Voco, Cuxhaven, Germany); †repair designs included butt 
joint, 45º bevel joint, and fiber joint with multilayered woven glass fibers (Fiber-Splint; Polydentia SA, Mezzovico, Switzerland); 
‡repair materials selected were one PMMA material (Tempron), 1 bis-acryl composite (Protemp 3 Garant), and one flowable com-
posite resin (Esthet-X Flow; Dentsply, York, PA, USA; EXF).
Table 2. L9 orthogonal array table
Experimental group
 Design factor*
 Subject material Repair design Repair material  Connector thickness
A 1 1 1  1
B 1 2 2 2
C 1 3 3 3
D 2 1 2 3
E 2 2 3 1
F 2 3 1 2
G 3 1 3 2
H 3 2 1 3
I 3 3 2 1
*The numbers under the design factors indicate the levels and products assigned to each design factor.
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Repair designs and fracture end 
preparation
The finished intact specimens were prepared as 
three different types of joint ends according to the 
repair designs listed in Table 2. In the butt joint 
group, with a 3-mm gap distance in the middle of 
the specimens, the specimens were vertically cut 
into three pieces perpendicular to the long axis of 
the specimen with a high-speed diamond disk cutter 
under copious irrigation (Fig. 1B). In the beveled 
group, 45º bevels were given to the butt joint sur-
face with 600-grit silicone carbide under water ir-
rigation (Fig. 1C). After the cut surface treatment 
for the butt joint and 45º bevel joint groups, the 
half-cut resin patterns were fixed in the original flask 
mold to maintain a space in the middle for placing 
the repair resin materials. Widths at the bottom be-
tween both half-cut patterns maintained the 3-mm 
gap (Fig. 2A). According to the Taguchi array (Table 2), 
the selected repair materials were filled into the 
space between both prepared joint ends. The PMMA 
autopolymerizing acrylic slurry was infused into the 
space using a vibrator to create the PMMA repair 
groups. The P3G repair groups and flowable compos-
ite resin groups were obtained by injecting the res-
ins into the space. Flowable composite resin was 
polymerized using a halogen light (Optilux 501 high-
intensity halogen; Kerr, Orange, CA, USA) with an 
output of 810 mW/cm2 through a glass slide secured 
onto the mold for 20 seconds. The fiber joint repair 
group was prepared in the center of each specimen 
with a cavity (30 mm long, 5 mm wide, and half the 
specimen thickness in depth) (Fig. 1D). A multilay-
ered woven glass fiber (Fiber-Splint; Polydentia 
SA, Mezzovico, Switzerland) 4 mm wide and 20 mm 
long was embedded in the bottom of the cavity center 
as reinforcement material (Fig. 2B). Afterwards, a 
3-mm gap at the bottom between both the half-
cut patterns remained, and the entire cavity space 
was filled with the chosen resin. After the pre-
pared specimens were polymerized, all specimens 
were finished to the original standard size using 
silicon carbide paper and measured with digital 
calipers.
A 3 mm
64 mm
T13 mm
(B) Butt joint design
3 mm
64 mm
45°45°
(C) 45° bevel joint design
3 mm
t
t = 1/2T
30 mm
5 mm
(D) Fiber joint design
Fig. 1 (A) Flask mold. (B−D) Types of joint designs: (B) butt joint, (C) 45º bevel joint, and (D) fiber joint.
A
B
3 mm
Fig. 2 (A) Prepared joint ends (45º bevel joint design) were 
secured back in the original flask mold for orientation. A 
3-mm gap in the bottom between the two joint ends was 
measured. (B) The arrow indicates a multilayered woven 
glass fiber ribbon embedded in the bottom of the cavity 
center as a reinforcement material in the Fiber-Splint 
(Polydentia SA, Mezzovico, Switzerland) repair joint group.
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Experimental test and Taguchi analysis
All test group specimens were stored at 37ºC in dis-
tilled water for 48 hours before the fracture test. 
Each specimen was subjected to a three-point bend-
ing test7,13,20,21,28−33,36 at a 50-mm distance supported 
at a crosshead speed of 0.05 mm/s with an Instron 
test apparatus (QTest 2L; MTS Systems Corp., Eden 
Prairie, MN, USA) (Fig. 3). The load direction was ap-
plied perpendicular to the top surface in the center of 
the specimens. Specimens were loaded until fracture 
occurred, and the maximal fracture strength was 
recorded in newtons. The average fracture strength 
was calculated for each experimental group.
The Taguchi method was employed to identify the 
significance of each design factor in controlling 
the fracture strength of the provisional specimens. 
The sum of squares for each design factor was calcu-
lated by performing an analysis of variance to de-
termine the sensitivity of each design parameter and 
its relative significance.
Five standard resin specimens made of P3G with a 
4-mm thickness, which served as the validation study 
group, were also fabricated to perform the frac-
ture test using the same pretreatment procedure.
Fractographic analysis
To identify the characteristic patterns after the 
fracture test process, the fractured surfaces of the 
specimens were observed using a 15.5 × microscope 
(VM 500; Möller-Wedel, Wedel, Germany). The fail-
ure could be classified into two modes: adhesive 
failure or cohesive failure30 (Fig. 4). Adhesive failure 
(type I) meant that the fracture line propagated along 
 
 
1
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Fig. 4 Diagram of a resin bar-shaped specimen illustrating 
the failure mode. Adhesive failure between the two con-
tact surface of the subject material and repaired mate-
rial (1). Cohesive failure in the body of the repaired 
material (2). Cohesive failure in the body of the subject 
material (3). Combinations including more than two num-
bers were classified as cohesive failure as well. Cohesive 
failure of the repair materials indicates that a sufficient 
bonding to the subject material was achieved.
the adhesive surface between the subject material 
and repair material; if not, the fracture was classi-
fied as cohesive failure mode (type II).
Results
The average fracture loads for the nine experi-
mental groups are shown in Table 3. Fractographic 
results showed adhesive (type I) and cohesive 
(type II) failure modes in percentages for each group. 
The mean effects of the design factors at each level 
are shown in Fig. 5. The relative significance levels 
of the investigated factors (percentage of contri-
bution) are shown in Table 4. The subject material, 
with a contribution percentage of as high as 33.48%, 
had the most dominant effect on fracture strength 
in the repaired provisional restorations, followed 
Strain
Force
Frequency
Down
Up
Stop
Power Sound
Statistic
loading
Load
cell
1 (sec)
PC
N
Hz
Fig. 3 Diagram of the thee-point bending test. The Instron apparatus crosshead (QTest 2L; MTS Systems Corp., Eden 
Prairie, MN, USA) applied a static load in the center of the specimen. To assure an even stress distribution over the 
repaired joint, a 0.5-mm-thick sheet of tinfoil was placed between the loading apparatus and specimen.
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Fig. 5 Mean effect of the design factors including (A) subject material, (B) repair design, (C) repair material, and (D) 
connector thickness at each level. TP = Tempron; P3G = Protemp 3 Garant; S2 = Structure 2 SC; Butt = butt joint; 
45BV = 45º bevel joint; FS = Fiber-Splint; EXF = Esthet-X Flow.
Table 3. Average three-point bending fracture load and fractographic results
 Experimental group Fracture load (N) Failure mode (%)
Group 
L9 orthogonal Mean SD 
Type 1 Type 2
 array group   (adhesive) (cohesive)
A 1,1,1,1 54.4 5.2 60 40
B 1,2,2,2 13.4 3.0 100 0
C 1,3,3,3 14.8 4.1 0 100
D 2,1,2,3 94.6 19.9 80 20
E 2,2,3,1 87.8 8.8 20 80
F 2,3,1,2 84.0 18.9 0 100
G 3,1,3,2 26.2 7.3 60 40
H 3,2,1,3 153.8 30.8 0 100
I 3,3,2,1 27.8 7.7 0 100
SD = standard deviation.
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by repair materials (31.88%), connector thickness 
(19.70%), and joint design (14.94%). The test results 
revealed the optimum parameter combination, 
shown in Fig. 5, which was a 4-mm-thick connector 
specimen made of bis-acryl composite P3G, re-
paired using PMMA resin material Tempron (GC 
Corp., Tokyo, Japan) with a 45º bevel repair joint 
preparation. The predicted maximal fracture load 
was 173.34 N. Compared with the average fracture 
strength in the validation study (214.0 ± 63.2 N), only 
a 19% decrease in the average fracture strength was 
noted.
Discussion
Fractures of provisional FPDs are annoying to both 
patients and clinicians. Remaking a new restora-
tion is time consuming, and clinicians often choose 
to repair the fractured restoration.13 However, there 
are few evidence-based investigations available in 
the dental literature, which examined the fracture 
strength of repaired provisional restorative mate-
rials. It is still unknown what kinds of joint designs 
can improve the fracture strength against mastica-
tory forces and prevent refracture at the repaired 
site. The fracture strength after repair is influenced 
by various parameters, and it is difficult to point 
out the most important one in an individual study 
under standardized experimental conditions. Using 
the popular vary-one-factor-at-a-time method, more 
study groups and specimen preparations would 
complicate the experiment. However, the Taguchi 
method can efficiently resolve these problems and 
achieve great success in multifactorial influence 
experiments.44−49 This statistical approach utilizes 
an orthogonal array, which is a form of a fractional 
factorial design containing a well-chosen subset of 
all possible combinations of test conditions. Both an 
average comparison of the levels of each factor and 
a significant reduction in the total number of re-
quired simulations can be achieved. Moreover, much 
more information is contained in this method, such 
as determining the optimal conditions, factors 
that affect the results to the greatest extent, or 
Table 4. Analysis of variance for the four-factor, 
three-level fractional factorial analysis
 Fracture strength, 
Factor sum of squares  Rank
 (% contribution)
Subject material 33.48 1
Repair design 14.94 4
Repair material 31.88 2
Connector thickness 19.70 3
conversely, which factor’s effect is negligible. The 
Taguchi method has successfully been applied in ex-
tensive field investigations. For example, combin-
ing the Taguchi method with biomechanical finite 
element analysis, numerous benefits in investigating 
multifactorial subjects were achieved in determining 
the relative contributions of design factors (implant 
system, position, bone classification, and loading 
condition) on the biomechanical response of a single 
dental implant placed in the maxilla by Lin et al.47 
Lee and Zhang45 reported that this method combined 
with finite element analysis was effective in optimiz-
ing the structural design of transtibial prostheses. 
Wei et al.48 suggested the effectiveness and feasibil-
ity of the Taguchi method for identifying a better 
medium composition for enhanced surfactin pro-
duction by Bacillus subtilis ATCC 2133. Jeney et al.49 
applied this method to optimize the enzyme-linked 
immunosorbent assay procedure, and reported the 
advantages of this approach over the more tradi-
tional labor-intensive methods for straightforward 
characterization, and no guesswork was needed to 
take the initial experimental steps. In our study, the 
Taguchi method efficiently narrowed the experimen-
tal test groups, and reduced costs and time. The 
relative significance levels of the design factors 
was determined. A prediction from this method was 
obtained, and the optimal combination of repair 
parameters increased the fracture strength after 
repair over previously published studies.13,28,45,50
The subject material was the most important 
design factor in determining the fracture strength 
of the repaired provisional restorations. Material 
science plays an essential role. Within the limita-
tions of this study, the two BAC resins demonstrated 
significantly superior flexural strength over the 
traditional PMMA resin. This experimental result 
corresponded to the previewed literature2,19 and the 
characteristics of both BAC materials. The frac-
ture strength of the bis-acryl material, P3G, is su-
perior to that of Structure 2 SC. Owing to differences 
in the chemical composition, the P3G material 
possesses high flexural strength, including a newly 
developed monomer system, without a rigid inter-
mediate chain characteristic of some bis-acryl homo-
logues, but with a somewhat flexible chain compared 
with other synthetic resins. This attribute allows a 
balance between high mechanical strength and 
limited elasticity in the composite material.50 Accord-
ingly, this material can withstand high stresses until 
fracture and tolerates brief deformation. Material 
specificity is, therefore, emphasized as being of 
greatest concern in terms of how the properties of 
the resin materials influence the material selection 
in fabricating a provisional restoration8. Even after 
provisional restorations are completed, repairing 
or remaking a new one is often a direct reflection of 
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the mechanical properties of the provisional mate-
rial. Clinicians must be aware of all material at-
tributes and choose the appropriate provisional 
materials for each case.
The second contributing design factor influencing 
the strength of repaired connectors was the repair 
materials. From the fractographic analysis, differ-
ent bonding abilities between parent materials or 
different species of repair resins such as PMMA and 
BAC resin were shown to have different percentages 
of failure modes (Table 3). Differences in chemical 
compositions and properties may lead to variations 
in repair fracture strengths. Traditional PMMA-type 
resins are monofunctional with low-molecular-weight, 
linear molecules that exhibit decreased strength and 
rigidity. Conversely, BAC materials are difunctional 
and capable of cross-linking with other monomer 
chains, which imparts strength and toughness to 
the materials. This is the reason for differences in 
bonding abilities among the resin groups. The ad-
hesive failure mode of Group B corresponded to the 
conclusion of Solow,26 who implied that the reten-
tion between the BAC and PMMA resin was micro-
mechanical. Among the three repair materials in this 
experiment, the PMMA material, Tempron, was su-
perior. The better repair ability of PMMA materials is 
due to the greater amount of non-polymerized fresh 
monomers left in the repair procedure to react 
with unreacted methacrylate groups remaining on 
the fracture end surfaces.49 Comparing Groups E 
and G, the flowable composite resin had different 
influences on the two BAC resin performances in 
repair fracture strength. It is believed that resin 
composite materials can reliably bond with BAC 
materials using chemical bonding,27 and the bonding 
ability between different resin composites also de-
pends on material-specific factors. Differences in 
the facture strength of repaired joints can partly 
be attributed to differences in chemical composi-
tions of the three types of repair materials.
From the results of this investigation, design fac-
tors, such as connector thickness and repair designs, 
were found to be negligible variables relative to the 
previous two. Among the three levels of connector 
thickness shown in Fig. 5D, the 4-mm-thick repaired 
joint appeared to be the optimal dimension. Al-
though the 2.5-mm-thick repaired joint seemed to 
exert greater flexibility than the 3-mm one, both 
response values were much smaller than the 4-mm 
level. A different testing method can lead to dif-
ferent results. The 4-mm-thick level might be the 
limitation of occlusogingival dimensions for provi-
sional restorative connectors using the three-point 
bending load. Among the three repair designs, the 
45º bevel joint design was superior. The advantage 
of the 45º bevel repair design implied by Ward 
et al.30 was to shift the mode of fracture from a 
weak adhesive interfacial fracture, such as a butt 
joint, to a stronger cohesive fracture of the repair 
material. The geometry of the 45º bevel increases 
the interfacial bond area and shifts the interfacial 
stress pattern more toward a shear stress and away 
from the more damaging tensile stress exerted on 
the butt joint during flexure.
All of the fiber-reinforced specimens showed a 
cohesive failure mode without specimen fracture, 
i.e., an “unseparated” pattern, where cracks in 
the joints were initiated from the tensile surface 
and were held together by fiber ribbons (Fig. 6). 
Crack propagation was stopped by fiber ribbons as 
shown in Fig. 6C. The presence of fibers did prevent 
catastrophic crack propagation shown in reinforced 
specimens. Corresponding to previous studies,21,36 
the present investigation concluded that reinforce-
ment of provisional restorations with fiber ribbons 
did not increase the fracture strength of the repaired 
joints. However, the mode of fracture changed from 
complete segment separation to partial separa-
tion, leaving the unit in one piece. This phenomenon 
is clinically favorable for clinicians and patients.
The Taguchi method was employed in this study 
to investigate the multifactorial mechanical inter-
actions of the subject material, repair material, re-
pair design, and connector thickness of repaired 
provisional restorations. The Taguchi approach has 
been criticized by many classical statisticians for 
ignoring interactions among variables and mostly 
focusing on the main effects. This implies the im-
portance of the correct use of this method and the 
appropriate selection of variables.44 To resolve this 
problem and reduce errors, more efforts must be 
given to expand the number of experimental spec-
imens tested. This investigation was also limited by 
assumptions such as specimen shape, loading condi-
tions, and pretreatment methods. The rectangular-
shaped resin patterns are not the actual morphology 
fabricated for provisional restorations in clinical 
use. The three-point bending test used in this study 
represents only one of many behaviors in response 
to a particular stress, and the result of the mate-
rial strength might differ when using other loading 
conditions. Application of monomers or bonding 
agents was excluded in the specimen preparation 
procedure to eliminate the chemical bonding ef-
fect. Material fatigue was also ignored. This study 
can serve as a pilot for correlated topics. The ex-
perimental method of subsequent studies should 
be discreetly established to account for accurate 
material properties. More factors must also be con-
sidered and integrated in future investigations.
Repairing fractured provisional restorations is al-
ways a concern for patients and clinicians in dental 
practice. The serviceability after repair of fractured 
provisional restorations depends on the clinician’s 
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awareness of multiple factors influencing the design 
and their sequence of importance in determining 
better problem-solving procedures and methods.
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